Context: Type 2 diabetes mellitus (T2D) is associated with an increased risk of fractures and low bone formation. However, the mechanism for the low bone formation is not well understood. Recently, circulating osteogenic precursor (COP) cells, which contribute to bone formation, have been characterized in the peripheral circulation.
T he skeleton has recently been recognized as another organ that is adversely affected in type 2 diabetes mellitus (T2D). Accumulating data show that in addition to the many target organs that are classically associated with dysfunction in T2D, the disorder is also associated with a 50 -80% increased risk of hip (1-3) and extremity (1, 4) fractures. However, assessment of skeletal mass in T2D by bone mineral density (BMD) does not explain these findings. Despite the increased incidence of fragility fractures, BMD in T2D is similar to (5) or higher than (6 -9) that in matched controls, even when normalized for larger body size in T2D (10) . Nor do neurological, oph-thalmological, or cardiovascular dysfunction, common in T2D, provide a satisfactory explanation for the increased risk of fractures (11) . Another possibility for increased fracture risk in T2D is abnormal skeletal dynamics. Using biochemical markers of bone turnover in T2D, previous studies have suggested that bone formation might be reduced, although this has not been clearly established (12) (13) (14) (15) (16) . The mechanism for possible low bone formation in the diabetic skeleton is not well understood.
A growing body of evidence has recently suggested that fluid-phase osteoblastic cells, known as circulating osteogenic precursor (COP) cells, are normally present in the peripheral circulation and that these circulating cells contribute to bone formation (17) (18) (19) (20) . COP cells have been associated with pubertal growth (21) and are known to be attracted to fracture sites (22) . They can be detected in the peripheral blood by flow cytometry using antibodies specific for the osteoblast matrix protein osteocalcin (OCN) (23) . Other cell surface markers can be used to characterize COP cells. CD34, for example, a marker of hematopoietic stem cells, identifies cells that give rise to functional osteoblasts that are capable of forming mineralized nodules and can heal fractures (24) . CD146 is an early marker of bone marrow stromal cells, pericytes, and hematopoietic cells, which function as self-renewing, clonogenic skeletal progenitors (25) . Cells that are positive for CD34 or CD146 are thought to be more immature than cells that are positive only for OCN, because the cells that are positive for CD34 and CD146 diminish when osteoblasts mature (26) .
Characterization of COP cells in T2D could provide insight into a mechanism to account for reduced bone formation in this disease. Specifically, alterations in the number and maturity of COP cells would support abnormalities in osteoblast development. We hypothesized that low bone formation in T2D is associated with a delay in osteoblast development. To test this hypothesis, characteristics of COP cells in T2D subjects were analyzed, together with measurements of biochemical, histomorphometric, and molecular indices of bone formation. Because decreased osteoblastogenesis has also been strongly associated with increased oxidative stress (27) , an important pathogenic factor in T2D (28) , markers of oxidative stress in COP cells were also measured.
Subjects and Methods

Study population
All subjects, T2D and controls, were recruited by advertisement at Columbia University Medical Center. T2D and controls were women at least 5 yr postmenopause. The diagnosis of T2D had been established for at least 1 yr by use of an antiglycemic medication. Subjects with T2D were excluded as defined by a history of ketoacidosis, age of onset of diabetes before 25 yr, body mass index (BMI) below 20 kg/m 2 , and use of insulin without a concomitant oral hypoglycemic agent. Exclusion criteria for both T2D and controls included renal or hepatic abnormalities (glomerular filtration rate Ͻ60 ml/min ⅐ 1.73 m 2 as calculated by the modification of diet in renal disease calculation or liver function tests above the upper limit of normal); therapy with rosiglitazone or pioglitazone; disorders of bone or mineral metabolism (primary hyperparathyroidism, Paget's disease, osteomalacia, or osteogenesis imperfecta); abnormal thyroid function tests; medical history or clinical findings consistent with Cushing's syndrome; continuous glucocorticoid use at any dose for greater than 3 months over the past 3 yr; history of intestinal disorders (celiac disease, exocrine pancreatic insufficiency, or inflammatory bowel disease); current use of anticonvulsants, anticoagulants, loop diuretics, methotrexate, or antidepressants; current use of estrogen preparations, raloxifene, calcitonin, denosumab, or teriparatide; and current or previous use of a bisphosphonate within 36 months before study. Smokers were also excluded.
Bone mineral density
BMD of the lumbar spine (L1-L4), femoral neck, total hip, and nondominant forearm was measured by dual-energy x-ray absorptiometry using the Hologic Discovery Series W densitometer (Hologic, Inc., Waltham, MA). Short-term, in vivo reproducibility was 0.68% for the spine, 1.36% for the proximal femur, and 0.70% for the radius.
Flow cytometry and cell sorting
Peripheral blood mononuclear cells (PBMC) were isolated by density gradient centrifugation using Ficoll-Hypaque and were counted with Trypan blue for viability using a hemocytometer. PBMC were resuspended in flow-staining buffer (PBS plus 2% fetal bovine serum), and the primary antibodies were added. After 30 min incubation at 4 C, the cells were washed twice, and fluorochrome-conjugated primary and secondary antibodies were added. The cells were then incubated for an additional 30 min at 4 C and washed twice before flow cytometry analysis. The primary unconjugated antibody was a goat polyclonal antihuman OCN (Santa Cruz Biotechnology, Santa Cruz, CA) antibody (a control isotype antibody was used at the same concentrations); secondary conjugated antibodies included fluorescein isothiocyanate-conjugated AffinityPure IgG f(abЈ) 2 fragment donkey antigoat (Jackson ImmunoResearch, West Grove, PA) antibodies. Primary conjugated antibodies were allophycocyanin-conjugated anti-CD15, phycoerythrin (PE)-conjugated anti-CD146 and anti-PE-Cy7-conjugated CD34 (all from Becton Dickinson, San Diego, CA). Five-color flow cytometry acquisition was performed using a LSR II flow cytometer (Becton Dickinson) and analysis using FLO-JO software (Treestar, Inc.). Cells were gated for size, shape, and granularity using forward-and side-scatter parameters. The positive populations were identified as cells that expressed specific levels of fluorescence activity above the nonspecific autofluorescence of the isotype control. The region was set to encompass both the lymphocyte/monocyte-enriched area and the granulocyte-enriched area and to exclude dead cells. All CD15 ϩ granulocytes were excluded before gating for specific populations to exclude contamination of isolated mononuclear cells with granulocytes. The sorting strategy that was employed is shown in Fig. 1A . 
Expression analysis for molecular markers
Total RNA was isolated from cells using TRIZOL reagent followed by a clean-up step using RNeasy mini-purification kit. Only the RNA samples that gave A260/A280 of approximately 1.8 -1.9 in the Nanodrop ND-1000 UV-VIS spectrophotometer were used. One microgram of total RNA was first treated with DNAase at room temperature, and RNA was then reverse transcribed using Superscript III reverse transcriptase at 42 C for 60 min. The resulting cDNA were used for real-time PCR analysis of various genes using the Stratagene (La Jolla, CA) quantitative PCR machine. Primers for the assays were obtained from Super- Ϫ populations (FSC, forward scatter; SSC, side scatter); B, the percentage of PBMC that was positive for OCN was lower in the T2D subjects (n ϭ 18) compared with the controls (n ϭ 27); C, the percentage of OCN ϩ cells that was also positive for CD146 was greater in the T2D subjects; D, HbA1c levels in the overall group (T2D plus controls combined) correlated inversely with the population of OCN ϩ cells (r ϭ Ϫ0.49; P ϭ 0.001), although within the T2D group alone, the correlation between HbA1c and OCN ϩ cells was not significant; E, HbA1c levels in the overall group (T2D plus controls combined) correlated with the subpopulations of OCN ϩ cells with the early stromal CD146 marker (OCN ϩ /CD146 ϩ : r ϭ 0.59; P Ͻ 0.0001), although within the T2D group alone, the correlation between HbA1c and OCN ϩ /CD146 ϩ cells was not significant. *, P Ͻ 0.05.
array Biosciences (Frederick, MD). Reactions were set up in the total volume of 25 l with Bio-Rad (Hercules, CA) 2ϫ quantitative PCR mix in triplicate for each sample and were measured against standard curves for respective genes. mRNA expression was normalized vs. the housekeeping gene ␤-actin and reported relative to control PBMC. Using real-time PCR, the expression of the osteoblast gene marker Runx2 (Runt-related transcription factor 2) was evaluated in sorted OCN ϩ /CD146 ϩ and OCN ϩ / CD146 Ϫ cells. Other molecular markers that were also measured included expression of the insulin receptor gene, the glucose transporter GLUT-1, the molecular marker of oxidative stress p66
Shc , and the antioxidant defense enzyme SOD2 (superoxide dismutase 2).
Calciotropic indices and biochemical markers of bone remodeling
Biochemistries were measured by automated techniques. Intact PTH was measured by immunoradiometric assay (Scantibodies, Santee, CA; sensitivity, 1 pg/ml; inter-day, 6.80%; intra-day, 4.80%; reference range, 14 -66 pg/ml) and 25- 3 , deficiency, Ͻ10 ng/ml; insufficiency, 10 -30 ng/ml; normal, Ͼ30 ng/ml]. All biochemical markers of bone turnover were measured in duplicate from a morning fasting serum specimen. Procollagen type I amino-terminal propeptide (P1NP) was measured by RIA. Intra-and interassay precision is 6.5 and 8.3%, respectively, sensitivity 2 ng/ml, and normal range 16 -96 ng/ml for postmenopausal women (IDS Ltd., Scottsdale, AZ). Bone-specific alkaline phosphatase (BAP) was measured by enzyme immunoassay (Quidel Corp., San Diego, CA); intra-and interassay variability is 4 and 8%, respectively, sensitivity 0.7 U/liter, and normal range 14.2-42.7 U/liter in postmenopausal women. N-terminal mid-fragment OCN was measured by ELISA (IDS); intraassay and interassay variability is 2 and 4%, respectively, sensitivity 0.5 ng/ml, and normal range 12.8 -55.0 ng/ml for postmenopausal women. Undercarboxylated OCN was measured by ELISA (Takara Bio Inc., Tokyo, Japan); intra-and interassay variability is 4.4 and 9.5%, respectively, sensitivity 0.25 ng/ml, and normal range 0.6 -1.8 ng/ml. Carboxyl-terminal cross-linking telopeptide of bone collagen (CTx) was measured using ELISA (IDS); intra-and interassay variability is 3.0 and 10.9%, respectively, sensitivity 0.020 ng/ml, and normal range 0.142-1.351 ng/ml for postmenopausal women. Tartrate-resistant acid phosphatase (TRAP-5b) was measured by ELISA (IDS); intra-and interassay variability is 5 and 9%, respectively, sensitivity less than 1.0 U/liter, and normal range 1.49-4.89 U/liter for postmenopausal women.
Histomorphometry
All participants were invited to undergo bone biopsies; five T2D subjects and four controls agreed. Two tetracycline labels were administered (Sumycin 250 mg four times daily) using a standard 3 d on, 12 d off, 3 d on regimen before the biopsy. Biopsy specimens were processed and subjected to histomorphometric analysis as previously described in detail in our laboratory (29) . Histomorphometry was performed using a digitizing image-analysis system, OsteoMeasure (OsteoMetrics, Inc., Atlanta, GA). Cancellous and cortical bone structure was assessed by measuring cancellous bone volume, trabecular width, trabecular number, trabecular separation, cortical width, and cortical porosity area. Bone remodeling activity was evaluated on cancellous, endocortical, and intracortical bone surfaces and expressed by the variables of osteoid surface/bone surface, osteoid thickness, mineralizing surface, mineral apposition rate, adjusted apposition rate, bone formation rate/bone surface, eroded surface, osteoblast surface, and osteoclast number. All indices are expressed according to the recommendations of the American Society of Bone and Mineral Research nomenclature committee (30) .
Statistical analysis
All statistical analyses were performed using PASW Statistics version 18 for Windows (SPSS, Chicago, IL). All continuous data are presented as mean value Ϯ SD. Student's t tests were used to assess differences between groups. Pearson's correlation coefficients were used to assess the relationship between variables. Linear regression was used to adjust for the effect of BMI. A value of P Ͻ 0.05 was considered significant.
The study was approved by the Institutional Review Boards of Columbia University Medical Center and Helen Hayes Hospital. All subjects gave written informed consent.
Results
Characteristics of population
Eighteen T2D subjects and 27 controls were studied (Table 1) . T2D subjects had a trend toward higher BMI measurements and had higher total alkaline phosphatase levels. There was a trend toward lower 25(OH)D levels in T2D, and 25(OH)D was inversely associated with glycated hemoglobin (HbA1c), which identifies the average plasma glucose concentration over the previous few months, in the total group (T2D plus controls combined; r ϭ Ϫ0.4; P ϭ 0.02); this relationship persisted after adjusting for BMI. BMD by dual-energy x-ray absorptiometry was not different from controls after adjusting for BMI; unadjusted total hip BMD was significantly higher in T2D than controls.
Circulating osteogenic precursor cells
The percentage of total PBMC that expressed OCN on the surface (OCN was not significant (r ϭ Ϫ0.13; P ϭ 0.62). In T2D subjects alone, HbA1c levels correlated positively with the percentage of total PBMC that expressed the early marker CD146 (r ϭ 0.86; P ϭ 0.03) in those whose HbA1c was over 7.9% (n ϭ 6).
Expression analysis for molecular markers in sorted cells
Expression profiling of sorted OCN ϩ /CD146 ϩ cell populations was evaluated in seven T2D subjects and seven controls using real-time PCR. These subjects and controls were selected because their blood samples yielded adequate numbers of PBMC so as to allow for cell sorting. The seven T2D subjects whose cells underwent the molecular analyses did not differ from the remaining 11 T2D subjects with regard to BMI, duration of T2D, number of previous fractures, fasting glucose, HbA1c, 25(OH)D, and BMD; likewise, the seven controls did not differ in these aspects from the remaining 20 controls. The expression profile of Runx2, the major regulator of osteoblast formation, was decreased in T2D. 
2). Consistent with the increase in p66
Shc , expression of the antioxidant defense enzyme SOD2 was also increased in T2D. Within the diabetics, a longer duration of T2D (in years) correlated positively with greater expression of p66 Shc (r ϭ 0.89; P ϭ 0.02). Expression of the insulin receptor gene did not differ between the diabetics and controls, but expression of the glucose transporter GLUT-1 was decreased in T2D (Fig. 2) .
Biochemical markers of bone remodeling
Biochemical markers of bone remodeling were measured in all T2D and controls. The bone formation markers P1NP and OCN were significantly lower in T2D ( Table  2 ). The bone formation marker BAP, however, was higher in T2D (Table 2 ). Higher BAP levels were associated with lower 25(OH)D levels (r ϭ Ϫ0.36; P ϭ 0.02). Undercarboxylated OCN tended to be lower in T2D (T2D, 2.2 Ϯ 1.0 vs. control, 2.6 Ϯ 1.0, P ϭ 0.17), but when levels were corrected for total OCN (undercarboxylated OCN/total OCN), this trend disappeared. The biochemical marker of bone resorption serum CTx was lower in T2D, although the difference in TRAP-5b levels was not significant ( Table  2 ). The differences in turnover markers correlated with the degree of hyperglycemia in the total group (T2D plus controls combined); HbA1c levels correlated inversely with P1NP, OCN, and serum CTx but positively with BAP (Table 3 ). In the control group alone, there was no rela-
FIG. 2. Expression analysis for molecular markers in sorted OCN
ϩ /CD146 ϩ cells. T2D subjects (n ϭ 7) had decreased expression of the osteoblastic master gene Runx2 and the glucose transporter GLUT-1 compared with controls (n ϭ 7) but greater expression of the oxidative stress markers p66
Shc and SOD2. *, P Ͻ 0.05.
tionship between HbA1c and biochemical markers of turnover (Table 3 ). In the T2D subjects alone, P1NP and OCN tended to be inversely correlated with HbA1c (Table  3 ). In T2D subjects whose HbA1c was over 7.9% (n ϭ 6), HbA1c levels correlated inversely with P1NP (r ϭ Ϫ0.96; P ϭ 0.002).
Histomorphometry
All T2D subjects and controls were invited to undergo tetracycline double-labeled percutaneous transiliac crest bone biopsies; only five T2D subjects and four controls agreed. The five T2D subjects who underwent the biopsy did not differ from the remaining 13 T2D subjects with regard to BMI, duration of T2D, number of previous fractures, fasting glucose, HbA1c, 25(OH)D, and BMD; likewise, the four biopsied controls did not differ in these aspects from the remaining 23 controls. Of the nine biopsied individuals, five were the same participants who also had the measurements of the molecular markers (three T2D subjects and two controls). Analysis of structural parameters showed that there was no difference between groups in trabecular parameters but that cortical width was significantly decreased in T2D subjects (420.0 Ϯ 85 vs. 824.8 Ϯ 208 m, P ϭ 0.005), as was cortical area (11.6 Ϯ 2 vs. 28.9 Ϯ 8%, P ϭ 0.002). With regard to dynamic indices, significantly lower values were observed for mineralizing surface, bone formation rate, osteoid surface, and osteoblast surface in T2D in all three envelopes of bone (Table 4) . A representative example is shown in Fig. 3 . In the total group (T2D plus controls combined), HbA1c levels correlated inversely with the percentage of osteoid surface (r ϭ Ϫ0.68; P ϭ 0.045) and mineral apposition rate (r ϭ Ϫ0.71; P ϭ 0.049), and fasting glucose levels correlated inversely with mineralized surface (rϭ Ϫ0.75; P ϭ 0.03), bone formation rate (r ϭ Ϫ0.75; P ϭ 0.03), and osteoid surface (r ϭ Ϫ0.74; P ϭ 0.02). In the T2D subjects alone, there was no correlation between HbA1c and dynamic indices, but fasting glucose levels correlated inversely with mineral apposition rate (r ϭ Ϫ0.98; P ϭ 0.002; Fig. 3C ) and osteoclast number (r ϭ Ϫ0.97; P ϭ 0.006).
Discussion
Traditionally, osteoblasts are considered to arise from marrow stromal cells that do not cross the endothelium or are solid phase. However, it is now thought that there are also fluid-phase COP cells that access bone formation sites through blood vessels (17, 31) and function as bona fide osteoblasts (18 -22, 32, 33) . Such cells have been suggested to form osteoblast-like cells, express bone-related proteins, and deposit mineralized matrix (21) . They also might participate in physiological functions, including long bone development, with levels being higher in pubertal boys than in men (21) , as well as fracture healing, with mobilization to fracture sites and contribution to osteogenesis in the early stages of fracture healing (22) . Our previous studies showed that measurements of COP cells were reflective of biochemical, histomorphometric, and molecular markers of osteoblast function (23) . We now report that subjects with T2D display a significant decrease in OCN ϩ cells, suggesting fewer COP cells. This finding is consistent with the decreased serum OCN levels that we observed, as well as the reduced histomorphometric indices of bone formation in a subgroup, and suggests a reduction in the precursor pool of osteoblasts. We further found that within the decreased pool of overall OCN ϩ cells, the T2D subjects had an increased subpopulation of immature OCN ϩ cells, i.e. cells that also had the early markers CD146 and CD34. This suggests that this smaller pool of COP cells was also more immature. In particular, there was an increase in the OCN ϩ cells that coexpressed CD146, a marker that characterizes a subpopulation that is phenotypically similar to classic marrow stromal cells (25) . In contrast, we did not find that the diabetic subjects had an increase in the subpopulation that coexpressed CD34 alone, suggesting that the cells we identified did not overlap with hematopoietic or vascular lineage cells, which are generally CD34 ϩ (17). Finally, higher HbA1c levels were associated with a higher proportion of immature (OCN ϩ /CD146 ϩ ) cells in T2D subjects with HbA1c higher than 7.9%. Although CD146 is also a marker of hematopoietic cells, this may suggest that the worse the glycemic control, the greater the delay of COP cell maturation. Our data suggest that not only are alterations in circulating osteogenic cell number present in T2D but also that differences in circulating osteogenic cell function exist as well. In a subgroup, sorted OCN ϩ /CD146 ϩ cells from diabetic subjects had decreased molecular expression of Runx2. This transcription factor regulates the expression of the majority of genes expressed in osteoblasts (34) , and its decreased expression suggests that osteoblast differentiation may be impaired in T2D. We also investigated whether an increase in oxidative stress was present in the osteogenic cells of the diabetic subjects. Increased oxidative stress is an important pathogenic factor in T2D and in mice leads directly to low bone formation (27) . In the subgroup of sorted cells, we found that in the T2D subjects, there was an increase in the molecular expression of p66
Shc
, a protein that is activated by oxidative stress (35), correlating with a longer duration of T2D. We also observed an increase in the anti-oxidant defense enzyme SOD2, which is the target of the Fox01 transcription factor that is activated in response to oxidative stress (35) . Taken together, these exploratory molecular expression data suggest the presence of increased oxidative stress in COP cells from diabetic subjects.
Our data are consistent with previous studies that have suggested that biochemical markers of bone turnover are lower in T2D (12) (13) (14) (15) (16) . Serum levels of P1NP and OCN were decreased, consistent with reduced bone formation. BAP, however, was increased in T2D, as was total alkaline phosphatase, and was inversely correlated with 25(OH)D levels. BAP increases when mineralization processes are impaired, possibly in association with reduced levels of 25(OH)D; this discrepancy between BAP and other markers of bone formation is incompletely understood but has been noted in other reports of T2D (12, 16) . Undercarboxylated OCN, which has been shown to promote insu- lin secretion and sensitivity (12, 36) , tended to be lower in T2D, consistent with the presence of greater insulin resistance. Yet the observed difference was not significant, possibly because of our small sample size or alternatively because of our specific assay. It has been questioned whether the ELISA that we used recognizes the active form of undercarboxylated OCN, in which only the first of the three glutamic acid residues is decarboxylated (37). The lower levels of P1NP and OCN are consistent with the reductions in dynamic histomorphometric indices of bone formation in the subgroup of biopsied diabetic subjects. Lower values for mineralizing surface, bone formation rate, osteoid surface, and osteoblast surface were found in all three envelopes of bone in the biopsied T2D subjects. Moreover, the extent to which the glucose was elevated correlated with a reduction in mineral apposition rate and osteoclast number within the diabetic group. Although we did not find a similar correlation between HbA1c and dynamic histomorphometric indices in the diabetics alone, this might be because a high serum glucose level can acutely suppress bone formation (38), perhaps to a greater extent than chronic intermittent hyperglycemia.
Despite our small sample size, these histomorphometry results are an important contribution to the body of knowledge regarding T2D and bone. To date, it has not been unequivocally established that T2D is characterized by lower bone formation in humans. Results for biochemical bone turnover markers are not invariably consistent (12) (13) (14) (15) (16) as demonstrated in the current report. Moreover, hardly any other histomorphometric data exist. A small study by Krakauer et al. (15) published in 1995 reported lower bone formation in T2D based on biopsy but had small numbers (n ϭ 6 T2D patients; two female and two Black); patients were selected for biopsy based on low BMD, and the control group was premenopausal women. The only other published biopsy studies are at least 40 yr old (39, 40). Thus, our biopsy data provide a meaningful addition to the available literature.
These changes suggest that glucose might be directly associated with an imbalance in bone turnover. In states of high bone turnover, such as postmenopausal osteoporosis, bone loss is common because bone resorption exceeds bone formation. However, markedly reduced bone turnover, as occurs in male osteoporosis (41) or in glucocorticoid-induced osteoporosis (42), can also be associated with increased bone fragility. In such cases, low bone turnover is associated with an imbalance that is due to preferentially reduced bone formation. Similarly, our data suggest that bone resorption was reduced in T2D but perhaps not to the same extent as bone formation. Serum CTx was decreased in T2D, but in the biopsies, eroded surface, adjusted apposition rate, and osteoclast number were not lower in T2D, nor were serum TRAP-5b levels. Although these findings may simply be a function of our small sample size, it may also be that there is a preferential reduction of bone formation over resorption in T2D, a dynamic that could lead to accumulation of older bone of poorer quality. In particular, low bone formation in T2D is associated with accumulation of advanced glycation end products (43, 44), which make bone more brittle and further retard remodeling activity (45).
Our study has a number of limitations. Our sample size was small, and we did not have histomorphometric and molecular data on most of the cohort. Nevertheless, the exploratory histomorphometric and molecular data suggest directions for further investigation, particularly with regard to the mechanisms of low bone formation in T2D. Importantly, uncertainty exists about the role of circulating OCN ϩ cells in bone formation. Specifically, the choice of OCN to isolate COP cells could be questioned because OCN is a secreted protein and not a cell surface protein anchored in the membrane. Nevertheless, OCN does possess Gla residues (46), which may allow for at least temporary anchoring of the protein to the cell membrane as the protein is secreted, similar to the mechanisms by which Gla residues on clotting factors allow attachment of these proteins to cell membranes (47 (23), future work will further validate the value of this approach.
In conclusion, we found that circulating OCN ϩ cells were decreased in T2D, whereas OCN ϩ /CD146 ϩ cells were increased. Histomorphometric indices of bone formation were decreased in T2D, as was molecular expression of osteoblastic activity. Although questions exist about the role of circulating OCN ϩ cells in bone formation, evidence that osteoblast progenitor cell maturation is inhibited in T2D could lead to interventions targeting improved bone formation to enhance bone strength in the diabetic skeleton.
